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Active carbohydrate containing protecting reagents for chemical 
modifications, their production and use 

Description 

The present invention relates to new active carbohydrate containing protecting 
reagents represented by a carbohydrate central unit, which is attached to a 
polymer chain at least at one of the hydroxy! groups and to an active linkage group 
at the anomeric position of the carbohydrate central unit. These new compounds 
are active carbohydrate containing protecting reagents, glycodendrimers and 
related hydrophilic oligomers. Further the invention relates to a method for their 
preparation and their use for production of biologically active molecules, which are 
modified by these reagents preferred for biotechnological use. 

The new age of biotechnology Is coming up with more and more biological active 
macromolecuies isolated and produced from different organisms, respectively. 
Furthermore, the protein-based pharmaceuticals urge increasingly into the drug 
market- Many biotechnologically produced pharmaceuticals suffer from the 
problems of relatively short half life in vivo (clearance and immune-mediated 
inactivation) and strong immunogenicity, 

One possibility to get around the above described disadvantages is the chemical 
modification via the covalent attachment of hydrophilic polymers to bio-active 
molecules or drug carriers. It is also obsen/ed that the modification of small 
molecule drugs with such polymers leads to a lower toxicity and shows other 
beneficial effects on pharmaceutical properties of the small molecule drug. 

The most common hydrophilic polymer is polyethylene glycol, which is simply 
called "PEG". A reason for its common use is the low toxicity of the polymer PEG, 
which means it is bio-compatible; As an example for biotechnological application 
the commercial available, activated polymer PEG is attached to proteins and 
enzymes. Such conjugates have shown in vivo a dramatically increased half life, 
reduced toxicity and a decreased rate of kidney clearance. Furthermore, the 
conjugates have shown an enhanced solubility in aqueous systems. A good 
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overview about such applications is given by N. K, Jain et al., Pharmazie 2002, 57, 
5-29 "Pegnology: a review of PEG-ylated systems". 

In the case of small molecule dmgs it has been shown, that conjugates containing 
the chemotherapeutic Doxorubicin show a significantly decreased toxicity in 
comparison with the unmodified Doxorubicin (F, Kratz et aL, Bloorganic & 
Medicinal Chemistry 1999. 7, 2517-2524). 

These days a lot of procedures exist to covalently modify proteins with bio- 
compatible polymers like PEG or other hydrophilic polymers. The modification of 
proteins aims the extension of circulation time and the avoidance of 
immunogenicity or toxicity, respectively (Zaiipsky, S. Advanced Drug Delivery 
Reviews, 1995. 16, 157-182). 

Even though, this technology is far developed there remain some significant 
disadvantages: The modification of biopharmaceuticals with PEG in many cases 
leads to a dramatic decrease of their biological activity. Furthermore, polymers like 
PEG are characterized by a broad range of different molecular weights (poly- 
disperse), which causes problems with the reproducibility of production and/or 
modification, respectively. Depending on the quality of the mPEG 
(monomethoxyPEG) and the type of activation in some cases unwanted cross- 
linking reactions occur. 

Summarizing, there is a great need for new hydrophilic oligomers or polymers, 
which can be used for the modification of biotechnological products (e.g. proteins, 
surfaces) or small drugs. 

The present invention is directed to overcome these deficiencies. The object on 
which the invention is based on is to generate such hydrophilic substances, which 
can be used for the modification of biotechnological products and small molecule 
drugs. In view of the above described state of the art, the present invention has for 
its object to provide polymers having activated linker groups which react with 
amino functional groups of proteins or peptides and other functional groups of 
biotechnological products in aqueous solution and under mild conditions. 

The present invention provides active carbohydrate containing protecting reagents 
represented by a carbohydrate central unit, which is attached to a polymer chain at 
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least at one of its hydroxyl group and to an activated linkage group at the anomeric 
position (position 1) of the carbohydrate central unit, a process (method) for the 
synthesis of this class of compounds and their use for the covalent coupling to 
functional groups of biotechnological products and small molecule drugs as 
described below. The active carbohydrate containing protecting reagents 
according to the current invention has a single activated functional group (e.g. 
active ester), which will not support any cross linking reactions. 

These new active carbohydrate containing compounds are hydrophilic, bio- 
compatible compounds. They are easy to prepare and the properties enable a 
broad field of application. Conjugates of these active carbohydrate containing 
compounds with biological active substances are suitable for prolonged therapies. 
Furthermore, the new carbohydrate containing compounds are also suitable for 
using them as medical material, namely for administering therapeutic amounts of 
conjugates of biological active compounds, which are containing the new masking 
reagent, for example for treatment of viral or bacterial infections or for cancer 
treatment. 

In accordance with the invention conjugates of the active carbohydrate containing 
protecting reagents with biological active compounds such as proteins (e.g. human 
growth factors), enzymes, liposomes, antibodies, drugs, phospholipids, lipids, 
nucleosides, oligonucleotides, microorganisms, human cells and surfaces are also 
provided. 

The active carbohydrate containing protecting reagents are represented by the 
general formula I 

R-poly-X-G 

Z.(CH2)m-Y I, 

wherein a glycoside central unit G is attached to a polymer chain at least at one of 
the hydroxyl groups and to an activated linkage group at the anomeric position (1- 
position). which is able to react readily with other functional groups 
and wherein 
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G is a glycoside central unit, which is a monosaccharide, an oligo- 
and polysaccharide, respectively, consisting monosaccharide units, 
an amino sugar or a polyol, 

R-poly* Is 

a polymer chain with one or more recurring monomer units or 

a repeating building block II which is attached via the linkage group 

to a further glycoside unit G 
P-HN-poly-X-G 

Z - (CH2)m - CO- 11, 

wherein P is an amino protecting group or the next repeating 
building block or a terminal unit I, 
whereas 

R is H, OH or selected from the group consisting of alkyl, O- 
alkyl (1 to 20 C atoms), benzyl, aryl, acetal, aldehyde, 
alkenyl, acrylate, acrylamide, active sulfone, alkyl amine, 
protected alkyl amine or amine, thiol and protected thiol, or 
also selected from the group consisting of a monosaccharide, 
an oligo- and polysaccharide, respectively consisting 
monosaccharide units, an amino carbohydrate or a polyol, 
and 

poly is selected from a poly alkylene oxide,^ a poly 

oxyethylated polyol, a poly olefinic alcohol and a poly 

acrylomorpholine, 
X is selected from -0-. -S-, -NH-, -NHCO-, -CONH-, -NHCO2-, 

O2CNH-, -CSNH- and -NHCS-, 
m is 1 to 10, preferred 1 to 6 

Y is selected from a group of (0-alkyl)2. -OSO2CH2CF3 (Tresyl), 

- CO - Q. maleimide, -O-CO-nitrophenyl or - trichlorophenyl, 

-S-alkyI (Ci to Ce). -S-S-alkyI, -S-aryl, -S-S-aryl, -S-benzyl. 

-S-alkyl (Ci to C6)-OH, -S-alkyl(Ci to C6)-NH2. 

-S-alkyI (Ci to C6)-OS02CH2CF3 and 

-S-alkyI (Ci to C6)-C02-Q-, 

-SO-alkenyl, -Halogen (CI, Br, I), 

wherein 

Q is H or OH or is selected from a group of O-aryl, O-benzyl, 
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O-N-succinimide, O-N-sulfosuccinimide, O-N-phthalimide, 
O-N-glutarimide, O-N-tetrahydrophtalimide. 
-N-norbornene-2,3-dicarboximide, hydroxybenzotiiazoie 
and hydroxyrT-azabenzotriazole 

and 

Z is selected from -0-, -S- or-NH-, -N(alkyl Ci to C20)-, -N(aryl)-, 
-N(benzyl)-. -N(alkyl Ci to C20-OH)-, -N(alkyl Ci to C20-NH2)- and 
-N(alkenyl)- 

The glycoside central unit js represented in the L- or D-configuratlon and the 
configuration at the anomeric position (1-position) of the glycoside central unit is 
alpha, beta or a mixture of both. 

According to the invention the preferred glycoside units are monosaccharides like 
aldoses, preferred glucose; ketoses, preferred fructose; pyranoses, preferred 
mannose, glucose; furanoses, preferred ribose and arabinose. Examples of 
specific oligo- and polysaccharides, respectively consisting monosaccharide 
units, are lactose and melibiose. Typical monosaccharides are also amino sugars, 
preferred mannose amine, glucose amine and lactose amine. 

Preferred acetal groups for R include (CH30)2- and (CH3-CH20)2-, an aldehyde 
group is OHC-CH2-O-, an alkenyl group is CH2=CH-CH2-0-, an acrylate group is 
CH2=CH-C02-, a methacrylate group is CH2=C(CH3)-C02-, an acrylamide group 
include CH2=CH-CONH-, an amino alkyi group is H2N-CH2-CH2-, a protected 
amino alkyI group include W~NH-CH2-CH2-, wherein W is an amino protecting 
group, like Boc, Fmoc and Cbz, a thio alkyI group is HS-CH2-CH2— . and a 
protected thio alkyI group include V-S-CH2-CH2— , wherein V is a thiol protecting 
group. 

The term "poly" used herein refers to a poly alkylene oxide like polyethylene 
glycols or polypropylene glycols, to a polyoxyalkylated polyol, like monomethoxy 
polyethylene glycols (mPEG) or oxyethylated triethanolamine, TEA(OE), 
to a poly olefinic alcohol, like polyvinyl alcohol. 

Polymers are preferred in which the polymer chain is terminated on one side by a 
methoxy group. 
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Furthermore, polymers are preferred in which the polymer chain is a polyethylene 
glycol, which is represented by the general structure: 

R-(CH2-CH2-0)n— CH2-CH2-X- 
wherein 

R and X are as defined above and n Is 0 to 2000 or 

wherein R is also a repeating building block, which has one of the following 
structures III or IV: 



ill 



R-(CH2-CH2-0)n-CH2-CH2-Xs. 

CH2 

R-(CH2-CH2-0)n-CH2-CH2-Xs. CH^ 

CH 

i I 

CH^ ^CH^ 

R-(CH2-CH2-0)n-CH2-CH2-X^ ^CH ^ 2 (CH2)m-CO-U- 

R-(CH2-CH2-0)n-CH2-CHri 



IV 



Alkyl-O^ 

^CH2 

Alkyl-O^ ^CH 

CH ^O 

I I 
CH^ .CH^ 

Alkyl-O^ CH Z {CH2)m-CO-U- 

/ 

AlkytO 



wherein n, m, R, X and Z are as defined above, 
alkyi means 1 to 20 C atoms and U is selected of -0-, -S- and -NH-, 
whereas in the inventive protecting reagent the glycodend rimer repeating 
building block is commonly contained 4 to 1000 times. 



03095496A1_I_> 



wo 03/095496 



7 



PCT/EP03/04790 



Furthermore, the polymer chain can be an unsubsituted chain except for the 
terminus or can be also a random or block copolymer or a terpolymer 
Especially preferred are active protecting reagents with glucose as the glycoside 
central unit, which have the following structure V: 

V 

R-poly-X 

^CHz 

R-poly-X^ CH 
CH 

I I 
/CH^ ^CH^ 

R-poly-X'^ CH Z (CH2)m-CO-Q- 

/ 

R-poly-X 

wherein m, poly, Q, R, X and Z are as defined above. 

The active carbohydrate containing protecting reagents (I) of the present invention 
can be preferably prepared by an alkylation (Williamson Ethersynthesis) or other 
nucleophllic substitution reactions (e.g. urethane formation) between a glycoside, 
which contains a pentenyl group at the anomeric position, and a polymer. The 
reaction is carried out in solution. The pentenyl group of the resulting synthesis 
intermediate is converted to the active carbohydrate containing protecting reagent 
as shown in synthesis scheme 1 (Fraser-Reid, B.; Joumal of the Organic 
Chemistry 2000, vol. 65, pp. 958-963). 

The preferred polymers used for the preparation of the active protecting reagents 
are polyethylene glycols, which are covalently attached to 4-penten-1-yl 
glycosides. 

The pentenyl group is a multifunctional group, which can be converted to many 
different activated linkers. These polymer containing pentenyl glycosides are also 
used as building blocks in order to form larger, branched aggregates 
(glycodendrimers or parts of them). The branched, active carbohydrate containing 
protecting reagents react readily with amino functional groups of proteins and 
peptides in aqueous solution under mild reaction conditions. The dendritic 
compound is coupled to the polypeptide backbone by forming an amid, urethane, 
thiourethane, carbamates, ether, thioether, a secondary amine (reductive 
amination, reaction with a tresylated or halogenated linkage unit). 
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The active carbohydrate containing protecting reagents according to this invention 
does not have to be of a particular molecular weight. A preferred preparation of 
the active carbohydrate containing protecting reagent has a molecular weight 
between 500 and 60000, more preferably between 800 and 20000. 

The preference of the active carbohydrate containing protecting reagents 
according to the present invention is first the fact that the small-sized reagents are 
mono-disperse compounds, which is an advantage in production of homogenous 
protecting reagents, analysis of conjugates with these reagents, in purification of 
these conjugates and in the definition of a specification in terms of regulatory 
issues. 

The "umbrella-like" structured active carbohydrate containing reagents provided in 
this invention have proven protecting properties by the means of increased 
stability against proteolysis of the conjugated biologically active compound. The 
biological activity of such conjugates is maintained and during the modification 
reaction no cross-linking occurs. In contrast, unwanted cross linking reactions are 
major problems when common activated mPEG's are used for modification, 
because commercial available mPEG's contain relevant amounts of dihydroxy 
polyethylene glycol, which gets activated during the production process for 
mPEG's and then functions as cross linker. 

In terms of the invention such branched reagents are more effective in protecting 
proteins from proteolysis and In reducing the immunogenicity. 

The active carbohydrate containing protecting reagents are used in the production 
of water soluble and isolatable conjugates with at least one biologically active 
molecule, a surface or a whole cell. The biologically active molecule is preferably 
selected from the groups of proteins, glycoproteins, peptides (e.g. human growth 
factors), enzymes, liposomes, antibodies, drugs, phospholipids, lipids, 
nucleosides, oligonucleotides, microorganisms, human cells, dyes and surfaces. 

In a preferred manner the water soluble and isolatable conjugates have the 
structures VI or VII: 
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VI 

R-poly-X, 



-CH 



2 



R-poly-X ^CH 
CH 

I I 

CH^ ^CH 

R-poly-X'^ ^CH" Z (CH2)m^O-NH-PEP 

R-poly-X 



VII 



R-poly-X^ 

^CHz 
I 

R-poly-X^ ^CH 

CH O 

II 

CH CH 

R-poly-X'^ ^CH^ '^7, {CH2)m-CH2-NH-PEP 

R-poly-X 



wherein m, poly, R, X and Z are as defined above and the unit NH-PEP represents 
an modified amino function (e.g. lysine group) of a biologically active molecule. 

In temis of the present invention conjugates with the active carbohydrate 
containing protecting reagents are used to protect biologically active compounds, 
to increase the molecular weight of these biologically active compounds, thus 
reducing renal clearance, to prevent the formation of antibodies and antigen 
processing cells, respectively, and to minimize the proteolytic degradation. 
Furthermore, such a chemical modification is used to improve the bio-physical 
properties in terms of the solubility of drugs. The active carbohydrate containing 
protecting reagents are used to increase the solubility of hydrophobic active 
pharmaceutical ingredients (API's). These special kinds of pharmaceutical 
formulation facilitate the administration of hydrophobic drugs. 
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Furthermore, the active carbohydrate containing protecting reagents are also 
characterised by a good solubility in organic solvents, thus the modification of bio- 
catalysts (e.g. enzymes) with the new protecting reagents increase the solubility of 
the modified bio-catalysts in organic solvents, which is an Interesting application 
for technical use. 

Furthermore, the active carbohydrate containing protecting reagents according to 
the present invention are used to modify drug delivery and targeting systems (e.g. 
liposomes and antibodies), which opens new fields of application for these 
technologies. 

Furthermore, the active carbohydrate containing protecting reagents are able to 
bind a biologically active molecule to other biologically active molecules, which 
may be the same or different, or to bind a biologically active molecule to a surface. 

In a preferred manner the inventive reagents are suitable for the chemical 
modification of enzymes like asparaginase, glutaminase-asparaginase (PGA), 
glucocerebrosidase, of cytokines like alpha-lnterferon. Interferon beta 1-b, G-CSF 
or of other therapeutically suitable proteins like TNF, human Insulin, antibodies or 
antibody fragments and small molecule dmgs like doxorubicin and paclitaxel. 

The new carbohydrate containing protecting reagents are particularly suitable for 
the chemical modification of pharmaceutical active ingredients. The 
pharmaceutical usefulness is characterized by a significantly increased protease 
stability (for example) of conjugates. Thus, the modification with the new 
carbohydrate containing protecting reagents will expand the circulation time in- 
vivo, which is required for pharmaceutical use of many biotechnological products. 
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The following examples are given to describe the invention, but should not limit the 
invention: 

Example 1 
Syntheses 

Example structures 

In the schemes VIII and IX shown below the polyethylene glycol chains are 
covaiently attached via an ether bond to the carbohydrate central unit. 

Vill 

H3CO-(H2C-H2CO)n-H2C-H2C-0 

^CH2 

H3CO-(H2C-H2CO)n-H2C-H2C-0^ CH 

ch" 

I I 

CH^ ^CH 

H3CO-(H2C-H2CO)n-H2C-H2C-0'^ ""CH^ O-CH2-CH2-CH2-CO-NHS 
H3CO-(H2C-H2CO)n-H2C-H2C-0 

IX 



H3CCKH2C-H2CO)n-H2C-H2C-0 

^CH2 

H3CO-<H2C-H2CO)n-H2C-H2C-0^ CH 

CH'' "^O 

I I 
CH ^CH 

H3CO-(H2C-H2CO)n-H2C-H2C-0 '^Ch" 0-CH2-CH2<:H2-CH0 
H3CO-{H2C-H2CO)n-H2C-H2C-0 



n is defined from 0 to 1000. 
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In the schemes X and XI shown below the polyethylene glycol chains are 
covalently attached via an carbamate bond to the cait)ohydrate central unit. 



HgCCKHzC-HaCOn-HaC-HzC-NH-COa ^ 

^CH2 

H3CO-(H2C-H2CO)n-H2C-H2C-NH-C02^ CH 

I I 
CH ^CH 

H3CCKH2C-H2CO)n-H2C-H2C-NH-C02'^^ ""CH O-CH2-CH2-CH2-CO-NHS 
H3CO-{H2C-H2CO)n-H2C-H2C-NH-CC)2 



XI 

H3CO-{H2C-H2CO)n-H2C-H2C-NH-C02 

CH2 
I 

H3CC)-(H2C-H2C0)n-H2C-H2C-NH-CO2.^ ^CH 

CH "^O 

I I 
CH ^CH 

H3CO-{H2C-H2CO)n-H2C-H2C-NH-C02'^ "ch" 0-CH2-CH2-CH2^Hp 



H3CO-(H2C.H2CO)n-H2C-H2C-NH-C02 



n Is defined from 0 to 1000. 
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Example 1a 

Synthesis of compound 6 




To a solution of 1,2,3,4,6-penta-0-acetyl-p-[>:glucopyranose (5 g) in dichloromethane 
(20 ml) and 4-penten-1-ol (2.7 mL) BF3 Et20 (3.2 mL) Is added at 20 - 30*C. The reaction 
mixture is stirred for 4 hrs at 20 - 25 ^'C. Afterwards the reaction mixture is diluted with 
dichloromethane (20 mL) followed by adding a NaOH solution (0.5 M, 70 mL). so that the 
pH of the reaction mixture is adjusted to about 6. The organic layer is separated and 
washed with a bicarbonate solution (5 %. 50 mL). Evaporation of the organic solvent gave 
the crude glycosylated product (6 g) as a yellow oil. 

Sodium (320 mg) dissolved in methanol (4 mL) is added to a solution of the crude material 
(6 g) in methanol (26 mL) at 20 - 25 ''C. Short after the addition of the sodium methylate a 
white precipitate is formed. The reaction mixture is stirred for 2 hrs at 20 - 25 *C. 
Afterwards the reaction is quenched by adding hydrochloric acid (1 M) until the pH of the 
reaction mixture is adjusted to 5 - 6. Evaporation of the solvent and purification of the 
crude material gave 2 (1.8 g) as a colouriess oil. ^H-NMR (250 MHz. CDCI3): 5 = 1.50 - 
1.6 (m. 2H, CHs-pentenyl), 2.05 -2.10 (m. CHj-pentenyl), 3.20 - 4.00 (m). 4.10 - 4.6 (m). 
4.70 - 5.10 (m. anomeric-H. CH2=,). 5.60-5.75 (m. 1H, =CH-). 

^C-NMR (62.9 MHz. CDCI3): 5 = 28.52. 29.94, 61.20, 67.73. 69.54. 71.53. 71.96. 
74.16. 102.84 (C-1). 115.04 , 137.95. 



To 2 (2.2 g) dissolved in THF (50 mL) sodium hydride (1 .5 g. 60 % in oil) is added 
at 20-25**C. The formed suspension is heated to 40 °C and stirred at this 
temperature for 30 min. After cooling to 20-25°C the mono-methoxytriethylene 
glycol p-toluensulfonate (13.3 g). which has been prepared before from the 




3 
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corresponding alcohol. Is added. The stirring is continued for 24 hrs at 20-25''C. 
Afterwards the reaction mixture is quenched by adding MeOH/water (5.0 mL). 
Extraction with ethyl acetate and dichloromethane. evaporating of the organic 
solvent and finally purification by flash chromatography gave 3 as colourless oil 
(1 .66 g. 85% yield). 

^H-NMR (250 MHz. CDCI3): 5 = 1.50 - 1.6 (m). 1.95-2.05 (m). 3.10-4.20 (m. 
contain all OCH3. p-anomeric-H). 4.80-5.00 (m, CH2=). 5.60-5.68 (m, 1H, =CH). 
^C-NMR (62.9 MHz. CDCI3): 5 = 29.10, 30.34. 59.18. 67.62. 68.00 - 74.00 (signals 
overlapped). 78.28, 82.30, 83.00, 85.14. 103.39 (p-C-1). 115.02. 138.30. 
ESI-MS m/z: 833.5 [M+Hf, 855.5 [M+NaJ* (positive +ESI Mode, Finnigan AQA) 




4 



To a solution of Nal04 (1.91 g) and RuCl3*H20 (17.13 mg) in a mixture of 
dichloromethane/acetonitrile/water (2:2:3. 40 mL) 3 (1.8 g) is added at 20 - 25 "C. 
While stimng 200 ^1 glacial acetic acid is added. After stirring of the reaction 
mixture for 2 hrs a second amount of Nal04 (1 .9 g) is added. Further stirring for 2 
hrs at 20 - 25''C is driving the reaction to completion. Afterwards, the reaction 
mixture is diluted with water and extraction with dichloromethane (50 mL) gave the 
crude product. Purification via flash chromatography gave 4 as a light yellow oil 
(1.82 g, 97 % yield). ^H-NMR (250 MHz, CDCI3): 5 = 1.75 -1.90 (m. CH2). 2.35 - 
2.45 (m. CH2). 3.10 - 4.00 (m, contain all OCH3. OCH2, OCH). 4.15 (d, 1-Hp. J = 8 
Hz). 

^C-NMR (62.9 MHz. CDCI3): S = 24.67, 30.25. 52.68. 58.75 - 78.61 (signals 
overlapped). 82.45. 84.80. 102.73 (beta C-1). 175.95. 
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To a solution of 4 (1.8 g) in dichloromethane (10 mL) DCC (686 mg) and NHS 
(308 mg) is added. The reaction mixture is stirred for 15 hrs at 20 - 25*'C. 
Afterwards ttie precipitated urea is filtered and the filtrate is evaporated. 
Purification by flash chromatography gave the active ester 6 as light yellow 
viscous oil (1.033 g, 51 % yield). ^H-NMR (250 MHz, CDCI3): 5 = 1,75 -1.90 (m, 
CH2), 2.50 -2.65 (m, CH2). 2.70 (s, 2 x CH2). 3.15 - 4.00 (m. contain OCH3. OCH2, 
OCH). 4.15 (d, 1-Hp, J = 8H2). ^C-NMR (62.9 MHz, CDCI3): 8 = 24.67, 25.28 (2 x 
CH2. NHS), 27.48, 58.67, 66.00 - 72.20 (signals overlapped), 74.57, 77.75. 82.34, 
84.69, 102.88 (C-1), 168,20, 168.82. ESI-MS m/z: 948 [M+H]*, 970 [M+Na]* 
(positive +ESI Modus, Finnigan AQA). 

Example 1 b: 

Synthesis of compound 7 with Ri = -C02-Ph 

2 (2.0 g, synthesised as described in Example la) is dissolved in a mixture of THF 
(25 mL) DBU (1 mL) and pyridine (7 mL). The reaction mixture is cooled to 0 °C. 
While stirring phenyl chloroformate (4.3 mL) is added dropwise over a period of 30 
min (exothermic reaction). Afterwards the reaction mixture is stirred for 24 hrs at 
20 - 25 **C. The reaction mixture is diluted with ethyl acetate (50 mL) followed by 
adding sodium bicarbonate solution (5 %, 35 mL). Phase separation, solvent 
evaporation and purification by flash chromatography gave 7 (6.1 g, product 
contains some phenol) as viscous foam. ^H-NMR (250 MHz, CDCI3): 5 = 1.65 - 
1.80 (m. CH2), 2.00 - 2.20 (m, CH2), 3.46 - 3.55 (m), 3.90 - 4.10 (m), 4.45 - 4.55 
(m), 4.6 - 4.70 (m). 4.85 - 5.45 (m), 5.60 - 5.75 (m, =CH-). 7.00 - 7.50 (m. phenyl 
protons. 20 H). ''C-NMR (62.9 MHz, CDCI3): 8 = 28.58. 29.82 (2 x CH2). 65.86. 
69.58, 71.02, 73.03. 75.62. 77.23, 100.39 (beta C-1). 115.19 (CH2=). 120.82, 
120.95. 121.01. 126.12, 126.22, 126.30. 129.42. 137.63 (=CH-). 150.85, 150.93. 
150.97. 152.52, 152.77. 153.19. 153.51. 
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Example 2 

Modification of biological active compounds 

The following examples are given to describe the usefulness of thei present 
invention, but should not limit the invention: 

General methods: Protein concentration is determined by the Lowry method 
(Lowry et al., 1951). The electrophoresis experiments (SDS-Page) are carried out 
as described by Laemmli (1970) using 12.5 % polyacrylamid gels and stained with 
Coomassie Brilliant Blue R-250. The enzymes L-Asparaginase, e.g. from 
Escherichia coll, and Pseudomonas 7A Glutaminase-Asparaginase (PGA) are 
amido hydrolyses catalyzing the deamidation of the amino acids L-Asparagine and 
L-Glutamine, respectively. During the reaction ammonia is released, which can be 
determined by using Nessier's reagent as described by Roberts, J. (1976). The 
working pH for L-Asparaginase is 8.6 and for PGA 7.2. 

Reference Proteins: An L-Asparaginase modified with polyethylene glycol (PEG- 
Asparaginase) was purchased from Sigma, An Pseudomonas 7A Glutaminase- 
Asparaginase modified with polyethylene glycol (PEG-PGA) was provided by 
Medical Enzymes AG, Each PEG chain used for modifying these enzymes has a 
molecular weight of 5000 g/mol. 

Example 2a 

Preparation of modified L-Asparaginase (short "ASNase"): 

The reactions described below were carried out in Eppendorf test tubes. To a 
solution of L-Asparaginase (ProThera GmbH, 10.4 mg/mL) in bicartDonate buffer 
(0.05 M. pH 8.5 - 9) compound 6 (14.4 pU 0.8 eq.) dissolved in DMSO (200 
mg/mL) Is added. The reaction mixture is slightly stirred at 20 - 25 X for 30 min. 
The unreacted and hydrolyzed protecting reagent (6) is removed by diafiltration 
using water. The extent of modification of L-Asparaginase is 26 % as determined 
by Matrix Assisted Laser Desorption Ionization - H/lass Spectrometry (MALDI-MS; 
matrix: sinapinic acid). Alternatively, the extent of modification can be determined 
by trinitrobenzenesulfonate titration of the amino functional groups as described by 
Habeeb (Anal. Biochem. 1966, 14, 328-336). 
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In a second experiment L-Asparaginase is modified using a larger excess of the 
protecting reagent 6 (32.3 pL, 1.8 eq.). The reaction and the purification is 
performed as described above. The niodificatlon gave an extent of modification of 
35 % detemilned by MALDI-MS. 

Each of the modified L-Asparaginase samples preserved 95 % of the enzymatic 
activity in comparison with the unmodified L-Asparaginase. 

Fig. 1 shows the analysis of different L-Asparaginase preparations by SDS-PAGE. 
Example 2b 

Preparation of modified Pseudomonas 7A Glutaminase-Asparaginase (PGA): 

These modification reactions were carried out under the same conditions and with 
the same materials as described for L-Asparaginase (example 2a). The 
modification reaction of PGA using 0.8 eq. of the protecting reagent 6 resulted in 
an extent of modification of 32 % as determined by MALDI-MS. In the case of 
modified PGA 90 % of the enzymatic activity is preserved in comparison with the 
unmodified PGA. 

The second preparation is produced by using 1.8 eq. of 6, which gave an extent of 
modification of 41 % as determined by MALDI-MS. The enzymatic activity of 
modified PGA was reduced to 85 % of the activity without such a modification. 
Fig. 2 shows the analysis of different PGA preparations by SDS-PAGE. 

Example 3 

In^vitro assay to proof the usefulness of the present invention 

As a degree for the usefulness of the new carbohydrate containing protecting 
reagents in pharmaceutical applications, the stability of modified L-Asparaginase 
and modified PGA. respectively, against the protease Trypsin was investigated In 
comparison with the unmodified enzymes. Modified L-Asparaginase and modified 
PGA are prepared as described in example 2a and example 2b, respectively. In 
addition, an enzyme fraction named "blank" is treated in the same nr\anner as 
described in examples 2a and 2b, but without addition of active carbohydrate 
containing protecting reagent. Test tubes contained 1—2 lU/mL of the "blank'*, 
modified and unmodified enzyme, respectively, and are incubated at 37°C in 
Tris/CI buffer solution in the presence of 0.25Mg/nnL Trypsin. The control Is 
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unmodified enzyme from the mother enzyme solution incubated at SZ^'C in Tris/CI 
buffer solution in the absence of Trypsin. After 0, 10, 30, 60 and 90 min the 
enzyme activity is determined from an aliquot of each test tube and the control. 

As it is showed in Fig. 3 and Fig. 4 the incubation of the enzymes L-Asparaginase 
and PGA. respectively, in the presence of Trypsin results in significant loss of 
enzyhne activity after 30 to 90 min. In the case of L*Asparaginase, this reduction in 
enzyme activity can be completely, and in the case of PGA partly avoided by 
modifying the enzymes with active carbohydrate containing protecting reagents as 
described in the present invention. In conclusion, the modification of the enzymes 
L-Asparaginase and PGA leads to a significant increase of stability against 
degradation by the protease Trypsin. 
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Legends to the figures: 
Fig. 1: 

Analysis of different L-Asparaginase preparations by SDS-PAGE. Proteins are 
stained with Coomassie. Modifications are performed with L-Asparaginase 
provided by ProThera. The samples are: Lane 1) L-Asparaginase (ProThera 2.5 
pg), Lane 2) PEG-L-Asparaginase (Sigma, 5 pg). Lane 3) recombinant protein 
standard (Amersham Bioscience, RPN 800). Lane 4) modified L-Asparaginase 
(0.8 eq. 6. 2.5 pg), and Lane 5) modified L-Asparaginase (1.8 eq. of 6, 2.5 pg). 

Fig. 2: 

Analysis of different PGA preparations by SDS-PAGE. Proteins are stained with 
Coomassie. Modifications are performed with L-Asparaglnase provided by 
ProThera. The samples are: Lane 1) PGA Medical Enzymes 2.5 pg. Lane 2) PEG- 
PGA Medical Enzymes, 5 pg, Lane 3) recombinant protein standard (Amersham 
Bioscience, RPN 800), Lane 4) Modified PGA (0.8 eq. 6, 2.5 pg). and Lane 5) 
Modified PGA (1.8 eq. 6, 2.5 pg). 

Fig. 3: 

Influence of the modification of L-Asparaginase with active carbohydrate 
containing protecting reagent on stability against, degradation by Trypsin as 
derived from the remaining enzyme activity 

Fig. 4: 

Influence of the modification of Pseudomonas 7A Glutaminase-Asparaginase with 
active carbohydrate containing protecting reagent on stability against degradation 
by Trypsin as derived from the remaining enzyme activity 
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Claims: 

1.)An active carbohydrate containing protecting reagent represented by a 
carbohydrate central unit G which is attached 

a. to a polymer chain at least at dne of the hydroxy! groups and 

b. to a linkage unit at the anomeric position (1 -position) 
and which Is represented by the general formula I 

R-poly-X*G 

Z.(CH2)m-Y I. 

wherein 

G is a glycoside central unit, which is a monosaccharide, an oligo- 
and polysaccharide, respectively consisting monosaccharide 
units, an amino carbohydrate or a polyol, 

R-poly- Is 

a polymer chain with one ore more recurring monomer units, 
or 

a repeating building block il which is attached via the linkage 

group to a further glycoside unit G 

P-HN-poly-X-G 

Z-(CH2)m-Y II, 

wherein P is an amino protecting group or the next repeating 
building block or a terminal unit I 
in which 

R is H, OH or selected from the group consisting of alkyi, O- 
alkyl (alkyI is containingi to 20 C atoms), benzyl, aryl, acetal, 
aldehyde, alkenyl, acrylate, acrylamide, active sulfone, alkyI 
amine, protected alky! amine, thiol and protected thiol, or also 
selected from the group consisting of a monosaccharide, an 
oligo- and polysaccharide, respectively consisting 
monosaccharide units, an amino carbohydrate or a polyol, 
and 
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poly is selected from a poly alkylene oxide, a poly 
oxyethylated polyol, a poly oleflnic alcohol and a poly 
acryiomorpholine 

X is selected from -S-. -NH-, -NHCO-, -CONH-. -NHCO2-, 

O2CNH-. -CSNH- and -NHCS-, 

m IS 1 to 10 

Y is selected from a group of (0-alkyl)2, -OSO2CH2CF3 (Tresyl), 

- CO - Q, maleimide, -O-CO-nltrophenyl or - trichlorophenyl, 

-S-alkyI (Ci to Ce), -S-S-alkyI, -S-aryl. -S-S-aryl, -S-benzyl, 

-S-alkyI (Ci to CeyOH, -S-alkyl(Ci to C6)-NH2. 

-S-alkyl(Ci to C6)-OS02CH2CF3 and 

-S-alkyl(Ci to C6)-C02-Q-, 

-SO-alkenyl, -Halogen (CI, Br, I). 

wherein 

Q is H or OH or is selected from a group of O-aryl. 0-benzyl, 
O-N-succinimide, O-N-sulfosuccinimide, O-N-phthalimide, 
O-N-glutarimide, O-N-tetrahydrophtalimide, 
-N-norbornene-2,3-dicarboximide, hydroxybenzotriazole 
and hydroxy-7-azabenzotriazole 

and 

Z is selected from -0-, -S- or-NH-, -N(alkyl Ci to C20)- . -N(aryl)-, 
-N(benzyl)-, -N(alkyl Ci to C20-OH)-. -N(alkyl Ci to C20-NH2)-. 



2.) The reagent according to claim 1, wherein the carbohydrate central unit is 
represented in the L- or D-configuration. 



3.) The reagent according to any one of claims 1 to 2, wherein the 
configuration at the anomeric position (1 -position) of the glycoside central 
unit is alpha, beta or a mixture of both. 



4.) The reagent according to any one of claims 1 to 3, wherein the 
monosaccharide is an aldose, preferred glucose; a ketose, preferred 
fructose: a pyranose, preferred mannose, glucose; a furanose, preferred 



BNSDOCID: <WO 03095496A1_I_> 



wo 03/095496 



PCT/EP03/04790 



26 



ribose, arabinose; an oligo- and polysaccharide, respectively consisting 
monosaccharide units, preferred lactose, melibiose and an amino 
carbohydrates and amino carbohydrate containing oligo- or 
polysaccharides, respectively, preferred mannose amine, glucose amine, 
lactose amine. 

5. ) The reagent according to any one of claims 1 to 4, wherein the polymer 

chain is terminated by a methoxy group. 

6. ) The reagent according to any one of the claims 1 to 5, wherein the polymer 

chain is a polyethylene glycol, which is represented by the general 
structure: 

R"-(CH2-CH2-0)n— CH2-CH2-X- 

wherein 

R and X have one of the above-mentioned meaning and n is 0 to 2000. 

7. ) The reagent according to claim 6, wherein R is a rest of formula II or a 

repeating building block, which has the following structure: 



R-(CH2-CH2-0)n-CH2-CH2-Xs^ 



CH2 



R-(CH2-CH2-0)n-CH2-CH2-Xs^ ^CH 



CH^ 



R-(CH2-CH2-0)n-CH2-CH2-X^ CH 




(CH2)m-CO-U — CH2-CH2- 



wherein n, m, R, X and Z have the above-mentioned meaning, 
U is selected of -0-, -S- and -NH-. 
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8.) The reagent according to claim 6, wherein R is a repeating building block, 
which has the following structure: 

Alkyl-O^ 

^CH2 

Alkyl-O^ CH 

cm"' ^O 

I I 
CH CH 

Alkyl-C^ ^CH'' "^Z (CH2)m-CO-U — CH2-CH2- 

/ 

AlkylO 

wherein n, m, R, X and Z have the above-mentioned meaning, 
alkyi is an alkyi group with 1 to 20 C atoms and 
U is selected of ~S- and ~NH-. 



9. ) The reagent according to claim 7 or 8, wherein the building block repeats 4 

to 1000 times. 

10. ) The reagent according to any one of claims 1 to 9, wherein the polymer 
chain is an unsubstituted chain except for the terminus. 

11. ). The reagent according to any one of claims 1 to 9, wherein the polymer 
chain is a random or block copolymer or a terpolymer. 

12. ) The reagent according to anyone of claims 1 to 11, 
which has the following structure: 

R-poly-X^ 

^CH2 

R-poly-X^ ^CH 
CH. 

I I 
CH ^CH 

R-poly-X^ '"CH 2 (CH2)m-C0-Q- 

R-poly-X 
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wherein m, poly, Q. R, X and Z have one of the above-mentioned 
meaning. 

13. ) A method for preparing the active carbohydrate containing protecting 
reagent of any one of claims 1 to 12, wherein the conjugation reaction 
between a glycoside, which contains a pentenyl group at the anomeric 
position of the glycoside, and an activated polymer chain, is carried out in 
solution, followed by conversion of the pentenyl group of the desired 
synthesis intermediate into the activated carbohydrate containing protecting 
reagent as shown in formula I and a method for purification of the activated 
reagent from the reaction mixture. 

14. ) Use of an active carbohydrate containing protecting reagent according to 
any one of claims 1 to 12 in the manufacture of a water soluble and 
isolatable conjugate with at least one biologically active molecule, a surface 
or a whole cell. 

15. ) The use according to claim 14, wherein the at least one biologically active 
molecule is selected from the group consisting of proteins, enzymes, 
glycoproteins, polypeptides, drugs, dyes, nucleosides, oligonucleotides, 
antibodies, lipids, liposomes, phospholipids, liposomes, microorganisms, 
human ceils and surfaces. 

16. ) The use according to claim 15, wherein the at least one biologically active 
molecule is an enzyme. 

17. ) The use according to claim 16, wherein the enzyme is asparaginase or 
glutaminase-asparaginase. 
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18.) The use according to claim 14, wherein the compound sen/es to bind a 
biologically active molecule to an other biologically active molecule, which 
may be the same or different, or to bind a biologically active molecule to a 
surface. 



19.) The use according to claim 14, that the water soluble and isolatable 
conjugates having the structure: 



R-poJy-X ^ 

^CH2 

R-poly-X^ ^CH 

CH O 



or 



R~poly-X ^ CH Z (CH2)m-CO-NH-PEP 

R-poly-X 



R-poly-X. 

CH2 
I 

R-poiy-X^ ^CH^ 
CH ^O 

I I 
CH^ CH^ 
R-poly-X^ CH Z (CH2)m-CHrNH-PEP 

R-poly-X 

wherein m, poly, R, X and Z have the above-mentioned meaning and the 
unit NH-PEP represents an amino function containing residue on a 
biologically active molecule. 
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Lane 1 2 3 4 5 Top 




Fig. 1 : SDS-Page of the L-Asparaginase preparations 
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Stability of different preparations of L-Asparaginase 
against degradation by Trypsin 
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Fig. 3 
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Stability of different preparations of PGA 
against degradation by Trypsin 
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